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Introduction
In recent years, as computers and Internet
access have become comparatively readily
available in schools, some teachers are
turning to the Internet as a resource to
support or supplement their conventional
teaching and learning practices. The World
Wide Web (or Web) contains some of the most
economical (because most of the material is in
the public domain) and easily available
quality teaching and learning resource for
mathematics education. Studies and evalua-
tions (Jared, n.d.) conducted on a UK-based
website (NRICH) carry statements about how
motivated, inspired and challenged students
and teachers are about doing mathematics on
the Web. Other studies have also shown that
the Web has the power to motivate and stim-
ulate enjoyment in mathematics learning
(Idris, 1999; Moor & Zazkis, 2000), encourage
creativity in problem solving (Nagai, Okabe,
Nagata & Akahori, 2000), as well as furnish
unique opportunities for students to display
and develop appreciation of different cultures
and view points (English & Cudmore, 2000).
This is not surprising as the World Wide Web
has immense potential to meet the needs of
diverse learners in a classroom simply by
virtue of the myriad of mathematical activities
it contains and the limitless possibilities it
offers for communications between like-
minded maths peers and experts around the
world. It is thus instructive to look at some of
the materials that are available on the Web
and consider how they can be effectively used
in the mathematics classroom. 
What does the World Wide Web
offer to the mathematics
teacher?
The World Wide Web contains a vast assort-
ment of materials of varying relevance to
mathematics education. These materials
might be whole sites, groups of webpages or
parts of webpages; they may be passive, inter-
active, animated and dynamically
mathematical in someway. Several attempts
have been made to categorise this medley of
materials in relation to their characteristics
and function and implied teaching practice
(see Loong, 2001; Loong, Barnes & White,
2002). These learning materials have recently
been described as web objects. 
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Figure 1. A typology of mathematical learning objects on the web.
Figure 1 presents a typology of web objects
that can be found for maths teaching and
learning and is intended to serve as a guide
for teachers to consider in their selection of
appropriate material. This typology,
constructed by the author, contains two
groupings of objects for enhancing mathe-
matics teaching and learning, shown in the
diagram as a resources group and a communi-
cations group.
The resources group has been further cate-
gorised to include interactive resources and
non-interactive resources. Interactive
resources are further categorised as those
that provide feedback to the user and those
supporting explorations and investigations.
Some web objects in the ‘feedback’ category
include interactive games, interactive exer-
cises and programmed calculators. Under the
‘exploratory’ category can be found animated
and non-animated little applications (also
known as applets) that allow students to
explore and investigate changes carried out. 
Non-interactive resources have been
grouped as materials that are ‘text-rich’ or
‘graphic-rich’. The text-rich resources include
web objects such as research articles on
education in general and mathematics educa-
tion in particular, expositions on
mathematical concepts, teaching documents
such as lesson plans, websites with maths in
real life applications such as business sites
and bank sites, mathematics–related jokes
and non interactive exercises. The graphic-
rich web objects include general images of
mathematical relevance, colourful mathemat-
ical diagrams and cartoons.
It has been noted however, that although
each of these resources have elements of
mathematics in them in one way or other,
some have a much more obvious and explicit
mathematical functionality than others.
Users of such objects would expect to be
cognitively engaged in a mathematical way.
The other group of resources, on the other
hand, possess a semblance of mathematics
but does not require the user to work out or
derive an explicit mathematical solution.
Consider, for example, the mental processes
involved in doing the interactive exercises
requiring mathematical operations and calcu-
lations or the exploratory investigations of
amt 59(1) 25
graphs and functions as opposed to engage-
ment with a narrative text on the history of
Escher and his tessellations. Such learning
objects would probably have an aesthetic or
knowledge appeal to students of the mathe-
matics they are learning with little of the
mathematical rigour of the first type.
Therefore, careful consideration by the math-
ematics teacher of the value and suitability of
each of these resources seems critical for
successful use.
The ‘communications’ opportunities
afforded by the Web includes those through
which the user can participate in online
discussions with teachers or students around
the world in some of the teacher or student
forums. Some organisations have specifically
set up question and answer panels
comprising university students and mathe-
matics educators to answer mathematics
questions posted to their website (examples
include AskNRICH and Ask Dr Math of The
Math Forum). Some websites even encourage
direct communications with the writers or
experts in certain fields.
Web objects in a 
mathematics curriculum 
A first step to unveiling whatever potential the
Web has for learning mathematics should be
to try using these objects in lessons. To test
the pedagogical integrity of material on the
Internet, as called for by Dengate (2001), one
can actually begin by mapping suitable
learning material on the Web to key ideas
outlined in a curriculum. 
To illustrate this mapping process, several
web objects have been mapped in this paper
to the Spatial Sense and Geometric Reasoning
Strand of the Senior Years mathematics
curriculum in The South Australian
Curriculum Standards and Accountability
Framework (SACSAF) (Department of
Education, 2001). One key area in this strand
is coordinate geometry, which includes
teaching and learning coordinates of a point,
distance between two points, midpoints, ratio
of division, slope of a straight line and equa-
tion of a straight line. There are many
different approaches that a teacher can take
to teach these concepts but a common
example would involve the teacher planning a
unit of work based on what is normally found
in the textbook with appropriate exercises at
every juncture. This plan would probably be
‘textbook-centred’ with the possibility of a
graphics calculator being used at various
points in the plan. Such a plan could be
greatly enhanced in its effectiveness by the
supplementation of Web materials.
The ExploreMath website (exploremath.com,
2000) has numerous dynamic and coloured
diagrams that allow students to visualise
changes to the parameters of the straight-line
equation and various other forms and proper-
ties of a line. The following highlighted
activities (URLs for which are given in the
Appendix) give an indication of some of the
ways in which teachers might supplement
their teaching with web objects. 
The Points in the x-y plane and Points in
polar coordinates activities allow a student to
discover how points are designated and how
they can be used to build squares or lines.
Manipulation of the (x,y) and (r,θ) values will
enable them to discover what these values
mean and the importance of their order.
Alternatively, teachers can project these
applets on a screen and begin a class discus-
sion built around the concept of coordinates.
The Distance formula activity allows the
teacher or student to manipulate points and
measure the distance between them using a
ruler (electronic) or with the distance formula.
The teacher can even ask students to make
Figure 2. Points in the x-y plane.
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up their own questions so that the tool in
front of them can give them the answer!
Textbooks usually have standard questions
such as: ‘Find a given that P (3,a) is 10 units
from Q (-3,6).’ Using this learning object in
Distance formula, students can be asked to
formulate as many questions as possible that
are related to the information that can be
found on the learning object. In doing so, the
student inevitably has to look at various
aspects of the diagram. This is not to say that
one cannot do this with a static diagram, but
rather that the dynamic nature of the learning
object and the ensuing visual presentation of
the changes allow for greater exploration and
understanding. 
In the Slope calculation activity on
ExploreMath.com, the accompanying lesson
plan on the Web directs students to consider
real life applications of slope such as ramps
for handicapped people or road signs warning
trucks going down steep sections of a moun-
tain road. Such emphasis and connections to
real life while exploring the concept provides
timely opportunities for students to recognise
how these representations are used in various
occupations and different social and cultural
settings. 
Defining a line with 2 points, Slope-intercept
form, Point slope form and Reflections of a
linear function are all exploratory activities
with which students can experiment. The
diagrams are powerful because students can
easily change the values on sliders and see
the corresponding changes in the graphs and
equations. This kind of dynamic linking is not
possible with printed text. The symbols
y = ax + b take on a new meaning when the a
and b values can be manipulated to yield
different graphs. By holding one of the para-
meters such as a constant and changing b,
students can compare and analyse the
different algebraic representations with the
geometric representation, make conjectures
and conclusions. The effects of putting a
minus sign in different positions for linear
functions such as y = f(x), y = -f(x), y = f(-x),
and y = -f(-x) can be investigated and explored
easily, visually and almost instantaneously. 
This sort of work allows students to make
mental schematic connections and helps
makes learning of such equations mean-
ingful. Students will be able to 
extend their geometric understanding and
language through the use of different repre-
sentational systems, deconstruct and
reconstruct geometric relationships in terms
of what changes and what remains constant,
recognise how these representations are
used in various occupations and different
social and cultural settings. (Department of
Education, 2001). 
Resources such as those described here
from ExploreMath.com would be categorised
as interactive, exploratory investigations. 
Figure 3. Points in polar coordinates.
Figure 4. Reflections of a linear function.
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On what segments is the slope positive, and
the water depth increasing? On what
segments are the slope negative, and the
water depth decreasing? On what segments
is the slope 0, and the water depth is
constant? On what segment is the water
depth increasing at the fastest rate? On
what segment is the water depth decreasing
at the slowest rate? 
Is this concept — depth of water over time —
a function? Explain why or why not. Does
the graph appear to be the graph of a func-
tion? Explain why or why not.
students are then guided to see the practical
implications of what has been studied. This
example illustrates a non-interactive, graph-
ical presentation on the Web. 
Equations of a line in various forms and
Math forum: lines and slopes can also be
investigated so that should a student want to
go beyond the slope-intercept form or point-
slope form of line, they can do so. These are
examples of non-interactive, content rich
resources. 
If students are still unclear or would like
further clarification, they can search the
(extensive) archives of the The Math Forum.
For example, when students enter ‘distance
points lines’ and click on ‘Search’, they will be
presented with a list of several links from
which to select and visit. Students can also
type in ‘slope of a line’ and look for Problems
of the Week if they want to try some good
questions and also see the different ways in
which a problem is solved. If they cannot find
their answer on the archives they can Ask Dr
Math or AskNRICH a question and will get a
qualified answer from a panel of mathematics
educators. Such communications with people
other than their own teacher or friends
enables students to see that problems can be
solved in various ways (Nagai et al., 2000) and
that they are not alone in facing maths prob-
lems (NRICH Evaluation (2001) cited in Way &
Beardon (2001). These are some examples of
communications resources in the web
typology above.
A Functional Housing Market is an
Internet-based project in which students can
engage to see the relevance of lines and their
equations in our everyday lives. 
Students are directed to search real estate
sites on the Internet to check house prices
and their related sizes, graph their findings
and determine correlations. The website
engages students with data from the real
world and its authenticity might promote
positive transfer of later learning. This is an
example of the non-interactive life applica-
tions resources mentioned in the web
typology. 
By analysing a graphical presentation of
the flow of water into a tub, The Hot Tub
allows students to think about all they have
learnt about slopes and straight lines in prac-
tical terms. By answering questions such as 
Figure 5. A functional housing market.
Figure 6. The hot tub.
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A student who has gone through some of
these activities would be able to gain multiple
perspectives on a particular topic, thereby
enhancing their understanding of it. Activities
like these encourage students to conjecture,
postulate and make visual connections with
what is otherwise abstract. Under suitable
conditions the Web can present a highly
student-centred environment in which self-
paced, discovery learning can be encouraged
for all students. In addition, there is no limit
to the kind of extension that can be carried
out by gifted students through appropriate
links. The enhanced learning and sense of
community (that comes with being able to
communicate one’s lack of understanding or
ability to contribute to others’ understanding)
afforded by the communications possibilities
on the Web can be a rich, satisfying experi-
ence. 
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Conclusion
The examples in this paper offer us only a
glimpse of what the Internet has to offer to the
mathematics teacher. The World Wide Web
offers some interesting opportunities to
present multiple perspectives of concepts to
our students through a range of readily avail-
able, high quality web objects. It would seem
almost neglectful on our part as mathematics
educators not to seriously consider how we
can fully exploit such a rich resource that is
increasingly available. Dengate (2001) rightly
pointed out that the use of the Internet in
mathematics education involves much more
than having a computer and an interesting
collection of websites under the teacher’s belt.
Particular attention must be paid to the ways
teachers use them so that students’ interac-
tion with these resources yield maximum
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List of sites
Points in the x-y plane
http://www.exploremath.com/activities/
Activity_page.cfm?ActivityID=1
Points in the polar plane
http://www.exploremath.com/activities/
Activity_page.cfm?ActivityID=11
Reflections of a linear function
http://www.exploremath.com/activities/
Activity_page.cfm?ActivityID=39
Distance formula 
http://www.exploremath.com/activities/
Activity_page.cfm?ActivityID=2
Slope calculation
http://www.exploremath.com/activities/
Activity_page.cfm?ActivityID=45
Defining a line with 2 points
http://www.exploremath.com/activities/
Activity_page.cfm?ActivityID=17
Slope-intercept form
http://www.exploremath.com/activities/
Activity_page.cfm?ActivityID=16
Point-slope form 
http://www.exploremath.com/activities/
Activity_page.cfm?ActivityID=10 
Equations of a line in various forms
http://mathforum.org/dr.math/faq/formulas/
faq.analygeom_2.html#twolines
Mathforum: Lines and slopes
http://mathforum.org/cgraph/cslope/
Ask Dr Math
http://mathforum.org/mathgrepform.html
The Hot Tub
http://math.rice.edu/~lanius/Algebra/hottub.html
A Functional Housing Market
http://www.crpc.rice.edu/CRPC/GT/sboone/
Lessons/Titles/lphouse.html
Ask NRICH: Please Explain
http://www.nrich.maths.org/discus/messages/
26/26.html?1035306537
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learning benefits. Further discussion and
documentation of web-based teaching strate-
gies is needed for this pedagogy to grow. 
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